(12) 



UK Patent Application „e,GB n„2 277 620 ,,3, A 



(43) Date of A Publication 02.11.1994 



(21) Application No 9407525.6 

(22) Date of Filing 15.04.1994 



(30) Priority Data 

(31) 08055509 



(32) 30,04.1993 (33) US 



(71) Applicant(s) 

Prince Corporation 

(Incorporated in USA - Michigan) 

One Prince Center, Holland, Michigan 49423, 
United States of America 

(72) Inventor(s) 

Kurt A Dykema 

(74) Agent and/or Address for Service 
Kilburn & Strode 

30 John Street, LONDON, WCIN 2DD, 
United Kingdom 



(51) INTCL^ 

G08C 17/00 

(52) UK CL (Edition M J 

G4H HRE H1A H13D H14A H14B H14DH14G K60 
U1S 31714 S1720 31931 S1932 

(56) Documents Cited 
None 

(58) Field Of Search 

UK CL (Edition M ) e4H HRE 
INTCLS G08C 



(54) Transmitter control 



(57) A trainable remote-control transmitter includes an attenuator for adjusting the level of an output signal 
as a function of the pulse width and frequency of the output signal. The transmitter also includes receiver 
components which are disabled when the transmitter is transmitting. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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TRANSMITTER CQMTRHT. 
BACKGROUND OF THE IWENTTOM 
This application pertains to radio frequency 
transmitters and more particularly to a trainable radio 
frequency transceiver for remotely controlling one or mors 
devices . 

A trainable transceiver includes receiver components 
for inputting the control signals in a training mode, this 
can introduce noise into the output signal in the subsequent 
transmission mode. An additional difficulty is providing a 
gain control for adjusting the output level of the 
transmitter such that it complies v/ith the radiation 
requirements over the entire frequency range of the 
transmitter and effectively compensates for inherent 
^5 variations in the signal strength of the transmitter at' 

different frequencies. 

SUi-IMARY OF THS II-r/EnTIOr? 
The system of the pz'esent invention provides an 
improved radio frequency transmitter. According to one 
aspect of the invention, the transmitter includes an outnut 
signal generator which outputs a transmission signal. The 
amplitude of the transmission signal is controlled 
responsive to an amplitude control signal. According to 
another aspect of the invention, the amplitude is controlled 
^® ^ function of the frequency and pulse duration of the 
transmission signal. 

According to another aspect of the invention, the 
transmitter is of a trainable type including a receiver 
which inputs a radio frequency control signal in a training 
30 mode. The receiver is disabled when the transmitter is 

transmitting an output signal. 

The transmitter according to the invention provides 
improved transceiver operation as the signals emitted from 
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the transceiver have a high signal -to-noise ratio. 
Additionally, the output signal amplitude of the transmitter 
is adjusted to compensate for variations in the strength of 
signals output by the transmitter at different frequencies. 

These and other features, objects and advantages of the 
present invention can best be understood by reading the 
following description thereof together with reference to the 
accompany drawings in which: 

BRIEF DESCRIPTION OF THE DRAV7INGS 

Fig. 1 is a perspective view of a housing for the 

trainable transmitter according to the present invention; 

Fig. 2 is an electrical circuit diagram partly in block 

and schematic form of a transceiver embodying the present 

inventions- 
Fig. 3 is an electrical circuit diagram partly in block 

diagram form of a transceiver embodying the present 

invention; 

Fig. 4 is a circuit schematic of a mixer for the 
circuit according to Fig. 3; 

Fig. 5 is a partial flow diagram of a main program 
employed in the microcontroller of the programmable control 
circuit shown in Figs. 2-3; and 

Fig. 6 is a flow diagram for a program subroutine for 
setting the attenuation level. 

DETAILED DESCRIPTION OF THE PREFERRED EMBQDTMPM-rc 
Referring initially to Figure 1, the invention is 
integrated into a small, generally square module housing 43 
including a transceiver 55 (Fig. 2) which selectively 
transmits coded radio frequency (RF) energy as indicated by 
arrow "T" to a device controlled by an RF -control signal/ 
such as a garage door opening mechanism 4 5 shown in block 
form in Figure 3. The conventional garage door opening 
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mechanism 46 Includes a receiver and a control circuit (not 
shown) which respond to the control signal "T" for opening 
and closing a garage door. Transceiver SB includes a 
programmable microcontroller 57 which controls a radio 
frequency (RF) circuit 58 to generate signal "T" . Signal 
"T" has a frequency and code learned from signal "B" and 
transmitted by existing remote control transmitter ^.8 while 
transceiver 55 is in a training mode. The transceiver can 
then transmit the stored signal as remote control signal "T" 
to activate garage door opening control mechanism 4 6 
(Fig. 3) v;ithout further need for the remote transmitter 43. 
Transmitter 4 8 is typically provided v/ith the garage ccor 
opening mechanism 4 6 and generates control signal "E" for- 
' remotely actuating the garage door opening mechanism. 

Somev/hat more particularly, housing 43 is small such 
that it may be installed in a variety of locations in tiie 
vehicle, such as in an overhead counsel, a map light, the 
instrument panel or any other suitable position in tlie 
vehicle. The transmitter includes three sv^itches 44, 46 and 
47 in a front panel 45. Each sv;itch is associated v/ith a 
respective channel. A channel includes one control signal 
for remotely actuating one mechanism. For example, the 
three channels may have three signals associated with three, 
respective, garage door opening mechanisms. Alternatively, 
two of the channels can have signals for tv;o, respective, 
garage door openers, and the third channel can have a signal 
for controlling an interior light, exterior lights,' or the 
like. 

Still more particularly, each of sv/itches 45, 46 and 47 
is used to train and actuate its respective cliannel . For 
example, when one of these sv/itches is held for less than a 
predetermined time period (e.g., less than 20 seconds). 
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transmitter 55 will transmit the signal stored for that 
channel. If the switch is held for longer than the 
predetermined time period, the microcontroller will enter 
the training mode for the channel associated with that held 
switch. 

An LED 48 is provided on panel 45 to inform the " 
operator of the operational mode. For example, the LED is 
illuminated tontinuously while the signal is being 
transmitted. V7hen the transmitter is in the learning mode, 
the LED flashes. When the training mode is finished, the 
LED flashes at a rate five times faster than the learning 
mode rate. 

Although the overall preferred mounting environment is 
■ described with respect to the generally square housing, the 
transmitter according to the invention may be used in other 
environments. For example, the improved transmitter of the 
immediate invention may be used in a mirror, an overhead 
console, a map light or the like. 

Having briefly described the overall preferred mounting 
environment and operation of the transmitter, and its 
relationship to a vehicle, a detailed description of the 
preferred embodiment is now presented in connection first 
with the circuit diagram of Figs. 2 through 4, and 
subsequently with reference to the program flow diagrams of 
Figs. 5 and 6. Referring to Figure 2, RF transceiver 
circuit 55 is mounted within module housing 43. Switches 44 
(Fig. 4), 46 and 47 are connected through respective diodes 
51a, 52a and 53a and a conventional interface 49 to 
microcontroller 57. Microcontroller 57 includes three 
inputs 102, each of v/hich is connected to a respective one 
of switches 44, 46 and 47. The microcontroller inputs are 
pulled to ground when its respective switch is closed. 
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Switches 44, 4 6 and 47 are also connected through diodes 
51b, 52b and 53b to a switch 54 . Switch 54 is connected 
between the vehicle battery supply and power supply 56 such 
that it is closed when any one of switches 44, 4G and 47 is 
closed . 

Power supply 56 converts operating power from the 
vehicle battery supply to the necessary voltage levels in a 
conventional 'manner for activation of the electrical 
circuits when sv/itch 54 is closed. Circuit 55 includes 
microcontroller 57 coupled to an RF circuit 58. Cii-cuit 55 
also includes indicator LED 48, which is illuminated when 
one of switches 44, 46 and 47 is closed and flashes when th 
circuit enters the training mode for one of the switches. 

As seen in Figure 3, RF circuit 58 includes a summing 
circuit 6 0 which sums a signal output from reference signal 
generator 61 and a signal output from a divide -by-N-divider 
62.- Reference generator 61 generates a fixed fz-equency 
signal, and may be provided by a commercially available 
crystal oscillator v/ith an output fx-equency of approxima-:el 
8 Mhz and a divider which reduces the reference frequency 
signal to 7.8125 Khz. Divider 62 is provided by any 
suitable commercially available divider, such as an 
integrated circuit model number 145151 or 145106. The 
output signal from the summing circuit is coupled to the 
input of the loop filter 63, which is preferably an active 
integrator including an operational amplifier and a 
capacitor. The output of the integrator is a DC signal 
which is applied to the input of a sample-and-hoid circiiit 
64. Sample-and-hold circuit 64 is of any suitable, 
conventional construction, such as a sv/itch and a capacitor 
(not shov/n) or an amplifier v/ith associated circuit 
components. In either case, the sample-and -hold circuit ij 



controlled by a control signal from output 110 of 
microcontroller 52. The output of sample -and -hold circuit 
64 is applied as a control input signal to a voltage 
controlled oscillator (VCO) 65. 

The output frequency of VCO 65 will increase or 
decrease according to the magnitude of the control input 
voltage from sample-and-hold circuit 64. The voltage 
controlled oscillator may be provided by any suitable 
voltage controlled oscillator which is tunable to 
frequencies between 200 and 4 00 Mhz with an input tuning 
control voltage of 0-7 volts, and adapted to operate in the 
automobile environment. In a preferred embodiment of the 
invention, VCO 65 is of a type including two varacter 
diodes, two transistors, capacitors, resistors and an 
inductor coupled to provide the desired frequency output for 
a given input voltage. A switch 70 is connected to VCO 65 
such that the VCO generates an oscillating output signal 
only when switch 70 is open. VJhen sv/itch 70 is closed, the 
VCO is disabled by connecting an internal junction to 
ground. Switch 70 may be of any suitable construction, such 
as a bipolar transistor, an FET, a relay switch, or the 
like. Sample-and-hold circuit 64 holds the control input 
voltage to VCO 65 at a set level when the VCO stops 
generating an oscillating output signal, such that the VCO 
will output a signal having the desired frequency v;hen the 
VCO is switched from off to on. 

The output of VCO 65 is input to a divide-by-l28 
divider 66, a variable attenuator 71 and a mixer 72. 
Variable attenuator 71 includes two series circuits, each of 
which has an impedance element and a sv/itch connected 
between a node of a divider netv;ork and ground for 
controlling the magnitude of the output signal of VCO 65, 
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such that the amplitude of the signal output from VCO 65 is 
adjusted. In one implementation of the invention, variable 
attenuator 71 includes tv;o resistors connected in parallel 
betv/een antenna 73 and ground. Each resistor is connected 
in series v/ith a bipolar transistor. The switch may also be 
implemented by an FET or the like. In operation, one of the 
transistors, both of the transistors, or neither transistor 
is activated' to shunt the output voltage of VCO 65 through 
its respective resistor depending upon the amplitude control 
signal v/hich is generated in microcontroller 57 as described 
in greater detail hereinbelov/. 

Mixer 72 combines the signal output from VCO 6 5 v/ith 
signal "B" from remote control 48, which is received by 
"antenna 80. The output signal from mixer 72 is applied to 
filter 81, and will have a frequency of 3 Mhz v;hen the 
output of VCO 55 is 3 Mhz greater than the frequency of the 
signal for remote control 43. A conventional bandpass 
filter 81 has a center frequency of 3 Mhz to pass the 
detected signal output from mixer 72, which is applied to 
the input of the amplifier/detector 82. Amplifier/detector 
82 includes a half -wave rectifier, provided by a series 
diode (not shown), and an amplifier. The output of 
amplifier/detector 82 is a digital signal applied to input 
113 of microcontroller 57. 

A switch 90 (Figs. 3 and 4) is connected betv/een the 
pov/er supply output 96 and mixer 72. In one implementation 
of the invention, mixer 72 (Fig. 4) includes an input 9^ 
connected to antennae 80 and VCO 65. Mixer 72 includes a 
transistor and associated capacitors, resistors and an 
inductor, which are connected to an amplifier and rectifier. 
The amplifier includes a transistor and associated resistors 
and capacitors. Switch 90 is connected betv/een the supply 



rail 93 for mixer 72 and amplifier 82 and the pov/er supply 
96. Switch 90 is connected to microcontroller 57 in a 
conventional manner, and is responsive to an output signal 
from the microcontroller to disable the mixer and amplifier. 
More specifically, the switch is closed when the transmitter 
is emitting a signal and the switch is open when a signal is 
received in a training mode. Although the sv/itch is 
illustrated as an NPN bipolar transistor, it may be provided 
by any suitable means such as an FET device having a control 
input connected to microcontroller 57, a relay switch, or 
the like. 

Microcontroller 57 controls the operation of circuit 55 
and may be provided by any suitable commercially available 
integrated circuit, such as IC Model No. MC63HC05P4 
commercially available from Motorola, The microcontroller 
preferably includes a nonvolatile memory in which the 
microcontroller program is stored. The power supply 56 
(Fig. 4) provides a regulated 5 volt DC reference potential 
at terminal 95 and a regulated 12 volt DC reference 
potential at terminal 96. Circuits for providing the 
regulated voltage are well-known and, accordingly, will not 
be described in further detail herein. Power supply 56 
receives power from the vehicle battery through switch 54 
and battery positive conductor 97. The microcontroller 57 
includes a power supply input 101 connected to the 5 volt 
power supply output 95 to receive power therefrom. 
Accordingly, when one of switches 44, 46 and 47 is closed, 
closing switch 54, power is supplied to RF circuit 58 and 
microprocessor 57. When sv/itch 54 is open (sv/itches 44, 46 
and 47 are open) , the microcontroller and radio frequency 
circuit are disabled since the power supply is disabled. 
Terminals 102 of microcontroller 57 are connected to the 
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three switches 44, 46 and 47 by respective diodes as 
indicated above. Output terminal 103. is connected to LED 4 8 
to energize the LED. 

The RF circuit 58 connected to microccntrollcr 57 
includes all of the circuit elements shown in Fig. 5, except 
for microcontroller 57, garage door opener mechanism 46. and 
the existing remote control 48. Outputs 108 of 
microcontroller 57 are connected to divide-by-N divider 02 
through multiconductor bus 104. Bus 104 is connected to the 
control input of divide-by-N divider 62 to select the 
frequency of the signal output by divide-by-N divider 62. 
Output 110 of microcontroller 57 is connected to control the 
sample -and-hold circuit 64 to hold the signal level input to 
the VCO v;hen switch 70 is closed such that VCO 65 does not 
output oscillating signals. Output 111 of microcontroller 
67 is connected to the control input of switch 70. Outputs 
112 of microcontroller 57 are connected to variable 
attenuator 71 to select the degree of attenuation to be 
provided to the signal output from VCO 65. Signals x-eceived 
by antenna 80 are connected to data input 113 of 
microcontroller 57 through mixer 72, bandpass filter 81 and 
amplifier detector 82. 

. The circuit represented by Figs. 2 through 4 is a self- 
contained trainable transmitter for the environment 
illustrated in Fig. 1. It v;ill be recognized that 
microcontroller 57 will include additional inputs and 
outputs for alternate environments. 

In the training mode, the program trains to data in the 
control signal "B" in an encode subroutine. After the 
encode subroutine is completed, the set attenuator.^ 
subroutine of Fig. 6 is called. The set attenuator 
subroutine will nov/ be described v;ith reference to Fig. 6. 



Initially, the encoded data is retrieved from memory as 
indicated in block 3 00. The program determines from the 
encoded data whether it is fast or slow data, as indicated 
in decision block 302. This decision is made by determining 
whether the signal to be transmitted is mode 1 data or mode 
0 data. Briefly, Mode 1 data is data that switches between 
two frequencies (e.g., GSNIE brand garage door openers which 
switch between 10 KHz and 20 KHz) . The duty cycle for these 
signals is 50% as indicated in block 304, and the 
attenuation is set to 10, meaning one attenuator is on and 
the other attenuator is off, as indicated in block 306. If 
the decision in block 302 is the data is slow data, meaning 
the data is mode 0 data, (e.g., garage door openers other 
than GENIE brand garage door openers) the program counts the 
number of logic high samples in a 100 msec, time v/indow as 
indicated in block 308. The number of samples should be 
153o, although the actual number might vary slightly; The 
number of high samples counted in block 308 is multiplied by 
256 in block 310. The result determined in block 310 is 
divided by the total number of samples (e.g., 1536) as 
indicated in block 312. 

Following the calculations of blocks 308, 310, and 312, 
the program sets the attenuators according to the duty cycle 
of the data. If the result of the decision in block 312 is 
greater than or equal to 192, as determined in decision 
block 314, there is an error in the encoding, and the 
program resets and retrains as indicated in block 3i6 . if 
the result of decision block 312 is less than 192, 
indicating the high logic level duration is less than 75%, 
the program determines whether the result is less than 154, 
which corresponds to a high level signal less than 68%, as 
determined in block 318. If it is determined in block 318 
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that the high logic level duration is more than 68%, tho 
attenuation is set to 11, which means both attenuators are 
on. If the high logic level duration is less than or equal 
to 63V, the program determines whether the result is create: 
than 115, which corresponds to a high logic level duration 
of less than 45%, in decision block 322. If it is 
determined in block 322 that the high logic level duration 
is more than 45%, the attenuation is set to 10 (first 
attenuator on, second off), as indicated in block 20'S. if 
it is determined that the high logic level is duration is 
less than or equal to 45%, the program determines v/hetiier 
the result is less than 79 in decision block 224 . if the 
decision in block 324 is the result is greater than 79, the 
program sets the attenuation to 01, wherein the second 
attenuator is on and the first one is off. If the liigii 
logic level duration is less than 3.1%, the attenuation is 
set to 00, v;herein both attenuators are o£f . 

After the attenuators are set according to the culso 
duration, the set attenuation is adjusted using a frequency 
dependent correction factor as indicated in block 53o. T::'^* 
frequency dependent correction factor is dependent upon tlie 
frequency of the control signal. Preferably, a table is 
provided which indicates the relative strength of the 
transmitter at different frequencies. For exarr.ple, the 
2^ strength of signals output from the transmitter circuit of 

Fig. 3 may be measured at fixed intervals (e.g. every l Khz 
or every 10 Khz) and this information may be stored in the 
memory table. Alternatively, the strength of the 
transmitter may be measured at each of the frequencies nt 
which garage door openers are knov;n to operate. in either 
case, the correction factor is preferably dependent upon ti^e 
acceptable amplitude limits on signal strength at each of 
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the different frequencies. Thus, the attenuation factor is 
adjusted for variations in the strength of the signal 
emitted by the transmitter at each of the frequencies, and 
signal strength is decreased at those frequencies where the 
acceptable radiation requirements limit the amplitude to a 
level below that produced by the transmitter. The 
correction factor has a binary value betv/een 0 and three 
(i.e., 01, 10, 11) which is added to, or subtracted from, 
the attenuation values set in blocks 320, 306, 326 and 328. 
After the attenuation value is stored, the program returns 
to the main program as indicated in block 334. 

That portion of the program which calls the set 
attenuation subroutine of Fig. 6 and disables mixer 72 is 
shown in Fig. 5. Before transmitting a signal, the 
frequency is set in block 265 (Fig. 5), and the program 
downloads the data v;ord stored in the nonvolatile memory in 
block 267a. The program sets the attenuators using the 
attenuation levels set by the set attenuators subroutine of 
Fig. 6, in block 267b, v;hich is described in greater detail 
hereinbelow. The program will then transmit the code signal 
and disable mixer 72, as indicated in block 267c, for a 
period of up to twenty seconds. After five seconds, the 
program enters the training mode, as indicated by decision 
block 268, wherein the mixer is enabled. 

It is envisioned that the set attenuators subroutine 
can be run each time that the program learns a frequency 
and control word in the training mode. The subroutine will, 
be run for each channel independently. It is also 
envisioned that the subroutine could be run each time the 
transmitter is transmitting. In either case, the 
attenuators are set to the level determined in the set 
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cTttenuators subroutine during transmission of Lh« signal as 
indicated in Fig. 5. 

Thus it can be seen that a transmitter is disclosed 
providing improved signal quality and arr.plitude control. 
The transmitter controls the attenuation according to the 
signal strength of signals output by th^i transmitter at 
different frequencies. Additionally, the attenuation can be 
controlled at different f i'equencies . For a trainable 
transmitter of the type transmitting and receiving signals, 
the circuit components for receiving a signal are disabled 
v/hen transmitting a signal to reduce interference frox the 
receiving circuit components. 

It will become apparent to those skilled in th.e art 
that various modifications to the preferred embodinienL 
described and disclosed herein can be made. Such 
modifications v/ill, hov/ever, fall v/ithin the spirit or scope 
of the invention as defined in the appended claims:. 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined as 
follows : 

-1- 

A trainable transmitter for learning and 
selectively transmitting at least one of a plurality of 
different radio frequency signals: to remotely actuate a 
device, comprising: 

a controller; 

an input signal generator having a first input, a 
second input, and an output, said first input coupled to 
receive a control signal from a remote device, said second 
input connected to the controller for receiving a disabling 
signal from said controller response to which said input 
signal generator is selectively disabled, and an output 
signal being output from said signal generator at said 
output v;hen said input signal generator is enabled; • . 

an output signal generator having a third input 
and a second output, said third input connected to said 
controller for receipt of a control signal and said signal 
generator responsive to said output signal generator control 
signal for generating an output signal supplied to said 
output signal generator output; and 

an amplitude controller having an input coupled to 
said output signal generator and a control input coupled to 
receive an amplitude control signal from said controller, 
said amplitude controller responsive to said amplitude 
control signal for selectively controlling the amplitude of 
said output signal from said output signal generator. 

-2- 

The transmitter as defined in claim l, wherein 
said input signal generator includes a fifth input, said 
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fifth input connected to said output of said signal 
generator, said output signal generator combining said 
output signal of said output sigr*al generator with said 
control signal from said remote device and outputting said 
combined signal at said first output. 

The transmitter as defined in claim 2, wherein 
said mixer is selectively connected to a pov;er supply 
through a switch, said switch connected to said SGaond input 
such that said mixer is disconnected from the pov/er supply 
when the input signal generator is disabled. 

-4- 

The transmitter as defined in claim 3, further 
including a detector connected to the output of said mixer, 
said detector outputting control signals v.'}ien the output of 
said output signal generator and said control signal are 
spaced by approximately a predetermined amount. 

-5- 

The transmitter as defined in. claim i, wherein 
said controller outputs an amplitude control signal as a 
function of the carrier frequency of the output signal of 
the output signal generator. 

-6- 

The transmitter as defined in claim 5, v/herein 
said amplitude control signal is also a function of the 
pulse duration of the control signal, 

-7- 

The transmitter as defined in clain i. wherein 
said controller outputs an amplitude control signal as a 
function of the pulse duration of the control cigna) . 
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-8- 

A transmitter for selectively transmitting one of 
a plurality of different radio frequency signals having 
different carrier frequencies and control signals to 
remotely actuate a plurality of devices, comprising: 

a controller; 

a signal generator having an input coupled to said 
controller for receiving a frequency control signal and an 
output at which radio frequency signals are output;. and 

an amplitude controller having an input coupled to 
said output of said signal generator and a control input 
coupled to receive an amplitude control signal, said 
amplitude controller responsive to said amplitude control 
signal for selectively, uniquely controlling the amplitude 
of said signal output by said output signal generator and 
emitted by the transmitter to control each of said devices. 

-9- 

The transmitter as defined in claim 9, wherein 
said amplitude controller includes at least one impedance 
element coupled to said output of said signal generator for 
selectively attenuating the output signal of said signal 
generator. 

-10- 

The transmitter as defined in claim 10. .wherein 
said controller outputs an amplitude control signal which is 
a function of the carrier frequency of the output signal of 
said signal generator. 

-11- 

The transmitter as defined in claim 9. wherein 
said controller outputs an amplitude control signal which is 
also a function of the pulse duration of the actuation 
signal output by said signal generator. 

16 
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-12- 

The transmitter as defined in claim 3, v/herein 
said controller outputs and amplitude signal is a func-icn 
of the pulse duration of the control signal output by the 
amplitude control circuit. 

-13- 

A trainable transmitter for learning at least one 
of a plurality of different radio frequency signals for 
remotely actuating a device, comprising: 

a controller; 

5 a signal generator having a first control ir.put, a 

reference signal input and an output, said first control 
input coupled to receive a remote control signal from a 
remote control for the device, a second input for receiviiiq 
a disabling signal for selectively disabling said input 
1-0 signal generator, and an output at which said output control 

signal is supplied v;hen said signal generator is enabled 
whereby said signal generator may be selectively disabled 
v/hen a transmitter transmits signals. 

-14- 

The transmitter as defined in claim 13, wherein 
said signal generator includes a third input, said third 
input connected to said output of said signal generator, 
said output signal generator combining said output signal of 
5 said output signal generator v;ith said control signal from 

said remote device and outputting said combined signal at 
said first output. 

-15- 

The transmitter as defined in claim l^; , v;herein 
said mixer is selectively connected to a pov/or sunplv 
through a switch, and said switch is connected to said 
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second input jsuch that said mixer is disconnected from the 
power supply when the input signal generator is disabled. 

-16- 

The transmitter as defined in claim 15. further 
including a detector connected to the output of said mixer, 
said detector outputting control signals when the output of 
said output signal generator and said control signal are 
spaced by approximately a predetermined amount. 

•17- 

A trainable transmitter for learning radio frequency 
control signals to selectively actuate at least one 
mechanism controlled by a radio frequency signal, 
comprising: 

a controller receiving a signal in a training mode and 
generating attenuation control signals from the trained 
signal ; 

a signal generator having an input coupled to said 
controller- for receiving a radio frequency control signal 
and an output at which an activation signal is supplied; 

an attenuation controller for coupled to said generator 
for attenuating the activation signal dependent upon the 
attenuation control signal whereby the signal attenuation is 
set for each signal. 

-18- 

The transmitter as defined in claim 17, wherein 
said controller outputs an amplitude control signal as a 
function of the carrier frequency of the output signal of 
the output signal generator. 

-19- 

The transmitter as defined in claim 18, wherein 
said amplitude control signal is also a function of the 
pulse duration of the control signal. 
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The transmitter as defined in claim 19, wherein 
said controller outputs an amplitude control signal as a 
function of the pulse duration of the control signal. 
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